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1
1 Lippman and MacCall
[7] (dynamic economy) \sim
[7]
(reservation wage)
total positive of order two $TP_{2}$
$TP_{2}$




$\{1, 2, \cdots, K\}$ $K$ (default)
2 (dynamic economy)
2.1
$\{1, 2, \cdots, K\}$ $P=(p_{ij})_{i,j=1,2,\cdots,K}$
$i$
$(i=1,2, \cdots, K)$ $X_{i}$
$c$ $\beta$
Lippman and MacCall [7]
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(1) $F_{i}(x)$ $x$ $F_{1}(x)\geq F_{\mathit{2}}(x)\geq\cdots\geq F_{n}(x)$
(2) $k$ j\Sigma =sk j $i$
$S=\{1,2, \cdots, K\}$ $P$ $pKK=1$






$(i=1,2, \cdots, K)$ 2 ( 1 2)
$\{1, 2, \cdots, K\}$ $P=(p_{ij})_{i,j=1,\mathit{2},\cdots,K}$




1 $f(x),$ $g(x)$ 2 $X,\mathrm{Y}$ $x$ $y$ $x\geq y$
$f(y)g(x)\leq f(x)g(y)$ $X$ $\mathrm{Y}$
$X[succeq] \mathrm{Y}$
ae 2 $K\cross K$ $A=(a_{ij})_{i,j=1,\mathit{2},3,\cdots,K}$ [ . $a_{ik}a_{jl}\geq a_{jk}a_{il},$ $i.e.,$ $|\begin{array}{ll}a_{ik} a_{\dot{\mathrm{o}}l}a_{jk} a_{jl}\end{array}|\geq 0$
$i\leq j$ $k\leq l$ $i,j,$ $k$ $l$ $(i,$ $j=1,2,$ $\cdots,$ $K$,
$k,$ $l=1,2,$ $\cdots$ , K) $A$ total positive of order two . [ $TP_{\mathit{2}}$ .
1 $A$ $B$ $TP_{\mathit{2}}$ AB $TP_{\mathit{2}}$
$P$
$X_{i}(i=1,2,3, \cdots, K)$ 2 ( 1 2) 1 2
1 $\{X_{i}|i=1,2, \cdots, K\}$ $k\leq l$ $X_{k}[succeq] X_{l}$ $(k,$ $l=$
$1,2,$ $\cdots$ , K) $X_{i}$ $i$
2 P=( j)i,j$=1,\mathit{2},3,\cdots,K$ $TP_{\mathit{2}}$
1[ $X_{k}[succeq] X_{l}$ $x>y$ $k$ $l(k\leq l,$ $k,$ $l=$
$1,2,$ $\cdots,$ $K)$ { $f_{k}(y)f_{l}(x)\leq f_{k}(x)f_{l}(y)$ $x>y$
$k\leq l(k, l=1,2, \cdots, K)$ $f_{l}(x)f_{k}(y)-f_{k}(x)f_{l}(y)\leq 0$ 1
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$X_{i}$ $i$ 1




$v_{n}(i, x)$ $n$ $x$
$\beta$ $v_{n}(i, x)$
$v_{n+1}(i, x)= \max\{u_{n}(x),$ $-c+ \beta\sum_{j=1}^{K}p_{ij}\int_{0}^{\infty}v_{n}(j, y)dFj(y)\}$ (1)
. $v_{1}(i, x)=u_{1}(x)$ $u_{n}(x)$ $x$ $n$ D
$1-\delta^{n}$
3 . $u_{n}(x)=-x$ $\text{ }$ Lippman and MacCall [7]
$1-\delta$
$n$ $i$ reservation wage $\alpha_{n}(i)$
$\alpha_{n}(i)$ $v_{n}(i, x)$
2 $i\in\{1,2, \cdots, K-1\}$ $n$ $\alpha_{n}(i)\geq\alpha_{n}(i+1)$
$i\in\{1,2, \cdots, K-1\}$ $n$ $\alpha_{n+1}(i)\geq\alpha_{n}(i)$
3 $i\in\{1,2, \cdots, K-1\}$ $n$ $v_{n+1}(i, x)\geq v_{n}(i, x)_{f}v_{n}(i, x)\geq$
$v_{n}(i+1, x)$ (x>0) $x>y$ $v_{n}(i, x)\geq v_{n}(i, y)$
1 $\cdot 2$ $u_{n}(x)$ $n$
$P$ 2 $k\leq l$ $k$ $l$
$(k, l=1,2, \cdots, K)_{\text{ }}|\begin{array}{ll}p_{ik} p_{il}p_{i+1k} p_{i+1l}\end{array}|\geq 0$
$\text{ }$ . $p_{i}=(p_{i1}, \cdots,p:K)$
pi+l=( +ll, $\cdot$ . . , +lK) $i\in\{1,2, \cdots, K\}$ $p_{\dot{\iota}+1}[succeq] p_{i}$
. $p_{i+1}[succeq] p_{i}$ 1 $\sum_{j=1}^{K}p_{ij}\int_{0}^{\infty}v_{n}(j, y)dF_{j}(y)=\int_{0}^{\infty}\sum_{j=1}^{K}p_{\dot{\iota}j}v_{n}(j, y)f_{j}(y)dy$
. $\sum_{j=1}^{K}p_{ij}\int_{0}^{\infty}v_{n}(j, y)dF_{j}(y)\geq\sum_{j=1}^{K}p_{\dot{l}}+1j\int_{0}^{\infty}v_{n}(j, y)dF_{j}(y)$
4 $j$ $\{a_{j}\}_{j=1,\cdots,K}$ $\sum_{1}^{K}a_{j}=0$ $k(1<k<K)$
$aj\{\begin{array}{l}\geq\leq\end{array}\}0$ if $j\{\begin{array}{l}\leq>\end{array}\}k$ $\text{ }$ $h(i, x)$ $i$ $x$ }
$\int_{0}^{\infty}\sum_{j=1}^{K}a_{j}h(j, y)f_{j}(y)dy\geq 0$
4 1





$\overline{p}_{ij}(n)$ $n$ $j$ $(i,j=1,2, \cdots, K, n=1,2, \cdot. .)$
$\overline{p}_{ij}(n)$ $\overline{p}_{ij}(1)=p_{ij}$ $\overline{p}_{ij}(n)=\sum_{k=1}^{K}p_{ik}\overline{p}_{kj}(n-1)$
$K\cross K$ $\overline{P}(n)=(\overline{p}_{ij}(n))$ $\overline{P}(1)=P$ –P(n) $=P\overline{P}(n-1)$




$n$ $\overline{p}_{ij}(n, m)$ $m$
$j$ ($i,j=1,2,$ $\cdots,$ $K,$ $n,$ $m=1,2,$ $\cdots$ , m\leq n)
reservation wages
$\alpha(i, n)$ $F_{i}(\alpha(i, n))$ $i$ $n$
$\overline{p}_{ij}(n, m)$
$\overline{p}_{ij}(n, m)=F_{i}(\alpha(i, n))\sum_{k=1}^{K}p_{ik}\overline{p}_{kj}(n+1,m-1)$ (2)
$\overline{p}_{ij}(n, 1)=F_{i}(\alpha(i, n))pij$ $\overline{P}(n, m)=(F_{ij}(n, m))$
$n(>0)$ $\overline{P}(n, 1)=D(F_{1}(\alpha(1, n)),$ $\cdots,$ $F_{K}(\alpha(K, n)))P$ (2)
$\overline{P}(n, m)=D(F_{1}(\alpha(1, n)),$ $\cdots,$ $F_{K}(\alpha(K, n)))P\overline{P}(n+1, m-1)$ , (3)
$D(F_{1}(\alpha(1, n)),$ $\cdots,$ $F_{K}(\alpha(K, n)))$
$D(F_{1}(\alpha(1, n)),$ $\cdots,$ $F_{K}(\alpha(K, n)))=(\begin{array}{lll}F_{1}(\alpha(1,n)) 0 00 F_{2}(\alpha(2,n)) 00 0 F_{K}(\alpha(.K,n))\end{array})$
.
2 $A$ $TP_{\mathit{2}}$ $D$ DA $TP_{\mathit{2}}$
$\overline{P}(n, m)$
1 $\overline{P}(n, m)=(\overline{p}_{ij}(n, m))$ $TP_{\mathit{2}}$
: $m$ $m=1$ 2
$\overline{P}(n, 1)=D(F_{1}(\alpha(1, n)),$
$\cdots,$ $F_{K}(\alpha(K, n)))P$
$TP_{\mathit{2}}$ $m$ $\overline{P}(n, m)$ $TP_{\mathit{2}}$ $P=(p_{ij})$ $\overline{P}(n+1, m-1)$








$\{1, 2, \cdots, K\}$ $\mu$
$S$
$S= \{\mu=(\mu_{1}, \mu_{\mathit{2}}, \cdots\mu_{K})|\sum_{i=1}^{K}\mu_{i}=1,\mu_{i}\geq 0(i=1,2, \cdots, K)\}$
$S$ 3
Nakai[ll, 12]
3 $\{1, 2, \cdots, K\}$ 2 $\mu,$ $\nu$ $i,j(i\leq j,$ $i,\acute{J}=$
$1,2,$ $\cdots,$ $K)$ $\mu_{j}\nu_{i}\geq\mu_{i}\nu_{j}$ 1 $i$ $j$
$\mu$ $\nu$ $\mu\succ\nu$
total positive of order two $TP_{\mathit{2}}$
3 $\mu[succeq]\nu$ ( $\mu$ , \mbox{\boldmath $\nu$}\in S) $k$ $l(k\leq l, k, l=1,2, \cdots, K)$




$(\mu(x)_{1}, \mu(x)_{\mathit{2}},$ $\cdots\mu(x)_{K})$ $P$
$\overline{\mu(x)}$
$h(x)$ 4
4 $x$ ) $h(x)=(h_{1}(x), h_{\mathit{2}}(x),$ $\cdots,$ $h_{K}(x))$ $x>y$ $h(y)[succeq] h(x)$
$(h(x)[succeq] h(y))_{\text{ }}$ $h_{j}(y)h_{i}(x)\geq h_{i}(y)h_{j}(x)(h_{j}(y)h_{i}(x)\leq h_{i}(y)h_{j}(x))$
$j$ $i(i\leq j, k, l=1,2, \cdots, K)$ [ $h(x)$
$x$ ( )
$\{f_{i}(x)|i=1,2, \cdots, K\}$ $\{X_{i}|i=1,2, \cdots, K\}$ 1
$f(x)=(f_{1}(x), \cdots, f_{K}(x))$ $f(y)[succeq] f(x)$ $\text{ }$ . $x>y$ .
$i,j(i\leq j, i,j=1,2, \cdots, K)$ [ $f_{i}(y)f_{j}(x)\leq f_{i}(x)f_{j}(y)$ .
$f(x)$ $x$
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$\mu$ $\mu(x)$ 1 2
Nakai[ll] 5
5 $\mu\succ\nu$ ( $\mu$ , \mbox{\boldmath $\nu$}\in S) $x$ $\mu(x)\succ\nu(x)$ –$\mu(x)\succ$
–
$\nu(x)$
$\mu\succ\nu$ $(\mu, \nu\in S)_{\text{ }}\mu(x)$
$\overline{\mu(x)}$ $x$
1 2 5 $\mu$ 3
$\mu(x)$ $\overline{\mu(x)}$ $\mu$
$\overline{\mu(x)}$ 3
$\mu$ $v_{n}(\mu, x)$ $n$
$x$ (0\leq \beta \leq y $\beta$
$v_{n}(\mu, x)$
$v_{n}( \mu, x)=\max\{u_{n}(x)$ , $c+ \beta\int_{0}^{\infty}v_{n}(\overline{\mu(x)},y)dF_{\overline{\mu(x)}}(y)\}$ . (4)
[ $S( \mu, n)=\{x|u_{n}(x)\geq c+\beta\int_{0}^{\infty}v_{n}(\overline{\mu(x)}, y)dF_{\overline{\mu(x)}}(y)\}$ $C(\mu,n)=$
$S(\mu, n)^{c}$ $S(\mu, n)$ $C(\mu, n)$
Nakai[8] 3.4 Nakai[ll, 9, 8]
6 $h(x)$ $x$ $\mu[succeq]\nu$ $\int_{0}^{\infty}h(x)dF_{\mu}(x)\leq\int_{0}^{\infty}h(x)dF_{\nu}(x)$
( $\mu$ , \mbox{\boldmath $\nu$}\in S)
$v_{n}(\overline{\mu(x)}, z)$ $z$ 6 $x>y$
$\int_{0}^{\infty}v_{n}(\overline{\mu(x)}, z)dF_{\overline{\mu(x)}}(z)\geq\int_{0}^{\infty}v_{n}(\overline{\mu(y)}, z)dF_{\overline{\mu(y)}}(z)$
$S(\mu, n)$ $C(\mu, n)$ (4)
7 $\mu[succeq]\nu(\mu, \nu\in S)$ $S(\nu, n)\subset S(\mu, n)$ $S(\mu, n+1)\subset S(\mu, n)$
$S(\mu,n)\cup C(\mu, n)=R_{+}$ $\mu$ $n\geq 1$ [ $S(\mu, n)\cap C(\mu, n)=\emptyset$
$C(\mu, n)\subset C(\nu, n)$ $C(\mu, n)\subset C(\mu,n+1)$ $v_{n}(\mu,x)$
8 $\mu[succeq]\nu$ $(\mu, \nu\in S)_{\text{ }}v_{n}(\mu, x)\leq v_{n}(\nu, x)$ $x>y$ $v_{n+1}(\mu, x)\geq$






$\sqrt[\backslash ]{}\text{ }\backslash \backslash \backslash$ 7
$\mu$
$\overline{P}(\mu, m)$ $m$ $j$
$m=1$ $\overline{P}(\mu, 1)=(\sum_{i=1}^{K}\mu_{i}p_{i1},$ $\cdots,$ $\sum_{i=1}^{K}\mu_{i}p_{iK)}=\mu P$
$m=2$ $\overline{P}(\mu, 2)=\overline{P}(\overline{\mu}, 1)=\overline{\mu}P=\mu P^{\mathit{2}}$ $\overline{P}(\mu, m)$
$\overline{P}(\mu, m)=\overline{P}(\overline{\mu},m-1)=\overline{P}(\mu P,m-1)=\mu P^{m}$ . (5)
$P$ $TP_{\mathit{2}}$ $m$ $\overline{P}(\mu, m)=\mu P^{m}$ $TP_{\mathit{2}}$
9 $\mu[succeq]\nu$ $(\mu, \nu\in S)_{\text{ }}A=(a_{ij})$ $TP_{\mathit{2}}$ $(\mu, \nu\in S)_{\text{ }}\mu A[succeq]\nu A$
(5) 9





$j$ $(j=1,2, \cdots, K)_{\text{ }}\hat{P}(\mu, m)=(\hat{P}(\mu, m)_{1},\hat{P}(\mu, m)_{\mathit{2}},$ $\cdots,\hat{P}(\mu, m)_{K})$
$p$ $u(x)=(u_{1}(x), \cdots, u_{K}(x))\mathrm{I}\mathrm{d}\mathrm{f}$b $\int_{a}^{b}u:(x)dF(x)\mathrm{B}\mathrm{S}\text{ }i$




$\hat{P}(\mu, 1)=(\hat{P}(\mu, 1)_{1},$ $\cdots,\hat{P}(\mu, 1)_{K})$
$\hat{P}(\mu, 1)=\int_{0}^{\infty}\mu(x)PdF_{\mu}(x)=\int_{0}^{\infty}\overline{\mu(x)}dF(\mu x)$
$n$ $\mu$ , $\hat{P}(\mu, 2)$ 2








52 $x$ $g(x)\ovalbox{\tt\small REJECT}(g_{1}(x), \cdots, g_{K}(x))$ $h(x)\ovalbox{\tt\small REJECT}(h_{1}(x), \cdots, h_{K}(x))$ (
$g(x)_{\ovalbox{\tt\small REJECT}}h(x)_{\ovalbox{\tt\small REJECT}}\ovalbox{\tt\small REJECT} g(x)_{\ovalbox{\tt\small REJECT}}h(x)_{\ovalbox{\tt\small REJECT}}$
$i$ $j$ { $(i\ovalbox{\tt\small REJECT} j, i, j\ovalbox{\tt\small REJECT} 1,2, \cdots, K)_{\backslash }$
$g(x)$ $h(x)$ $T\ovalbox{\tt\small REJECT}$ $g(x)\ovalbox{\tt\small REJECT} h(x)$
10 $g(x)=(g(x)_{1}, \cdots, g(x)_{K})$ $h(x)=(h(x)_{1}, \cdots, h(x)_{K})$ $x$ {
$g(x)[succeq] h(x)$ $\int_{0}^{\infty}g(x)dF(x)[succeq]\int_{0}^{\infty}h(x)dF(x)$
3 $\mu[succeq]\nu(\mu, \nu\in S)$ $\int_{0}^{\infty}\overline{\mu(x)}dF(x)[succeq]\int_{0}^{\infty}\overline{\nu(x)}dF(x)$
11 $\mu[succeq]\nu$ ( $\mu$ , \mbox{\boldmath $\nu$}\in S) $h(x)$ $x$
1 2 $\int_{0}^{\infty}$. $h(x)dF_{\mu}(x)[succeq] \int_{0}^{\infty}h(x)dF_{\nu}(x)$




$\overline{\mu(x)}[succeq]\overline{\nu(x)}$ $\hat{P}(\overline{\mu(x)}, 1)[succeq]\hat{P}(\overline{\nu(x)}, 1)$
$\int_{0}^{\infty}g(x)dF_{\mu}(x)[succeq]\int_{0}^{\infty}g(x)dF_{\nu}(x)[succeq]\int_{0}^{\infty}h(x)dF_{\nu}(x)$
10 11
4 $\mu[succeq]\nu$ $g(x)[succeq] h(x)$ $\int_{0}^{\infty}g(x)dF_{\mu}(x)[succeq]\int_{0}^{\infty}h(x)dF_{\nu}(x)$ $(\mu,$ $\nu\in$
$S)_{\text{ }}$
5 $\mu[succeq]\nu$ ( $\mu$ , \mbox{\boldmath $\nu$}\in q 1 2
$\int_{0}^{\infty}h(\mu, x)dF_{\mu}(x)=(\int_{0}^{\infty}\mu(x)_{1}dF_{\mu}(x),$ $\cdots,$ $\int_{0}^{\infty}\mu(x)_{K}dF_{\mu}(x))[succeq]\int_{0}^{\infty}h(\nu,x)dF_{\nu}(x)$
$h(\mu, x)$ $\mu$ $x$
3 $\mu[succeq]\nu$ $(\mu, \nu\in S)_{\text{ }}\hat{P}(\mu, m)$ $x$ $\hat{P}(\mu, m)[succeq]$
$\hat{P}(\nu, m)$ .
: $m$ $m=1$ $\mu[succeq]\nu$ $\hat{P}(\mu, 1)=\int_{0}^{\infty}\overline{\mu(x)}dF_{\mu}(x)$
3 $\hat{P}(\mu, 1)[succeq]\hat{P}(\nu, 1)$
5
$\hat{P}(\mu, 2)=\int_{0}^{\infty}\hat{P}(\overline{\mu(x)}, 1)dF_{\mu}(x)[succeq]\int_{0}^{\infty}\hat{P}(\overline{\nu(x)}, 1)dF_{\mu}(x)=\hat{P}(\nu, 2)$ ,
$\hat{P}(\mu, 2)[succeq]\hat{P}(\nu, 2)$
$\mu[succeq]\nu$ $\hat{P}(\mu, m-1)[succeq]\hat{P}(\nu, m-1)$ $\overline{\mu(x)}[succeq]\overline{\nu(x)}$
$\hat{P}(\overline{\mu(x)}, m-1)[succeq]\hat{P}(\overline{\nu(x)}, m-1)$ . 5
$\hat{P}(\mu, m)$ $=$ $\int_{0}^{\infty}\hat{P}(\overline{\mu(x)}, m-1)dF_{\mu}(x)$
$[succeq]$ $\int_{0}^{\infty}\hat{P}(\overline{\nu(x)}, m-1)dF_{\mu}(x)$
$[succeq]$ $\int_{0}^{\infty}\hat{P}(\overline{\nu(x)}, m-1)dF_{\nu}(x)=\hat{P}(\nu, m)$ ,
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$n$ $\mu$
$\overline{P}(\mu, n, m)_{j}$ $m$





$\tilde{P}’(\mu, n, 1)_{j}$ $j$
$(j=1,2, \cdots, K)_{\text{ }}\overline{P}’(\mu, n, 1)=(\overline{P}’(\mu, n, 1)_{1},\tilde{P}’(\mu, n, 1)_{\mathit{2}}, \cdots,\overline{P}’(\mu, n, 1)_{K})$
$\tilde{P}’(\mu, n, 1)_{j}=\sum_{i=1}^{K}\mu_{i}p_{i,j}$ $\overline{P}’(\mu, n, 1)=\mu P=\overline{\mu}$
$\tilde{P}(\mu, n, 1)j=\int_{C(\mu,n)}\tilde{P}’(\mu(x), n, 1)_{j}dF_{\mu}(x)=\int_{C(\mu,n)}\sum_{i=1}^{K}\mu(x):pi,jdF_{\mu}(x)$
$\tilde{P}(\mu, n, 1)=\int_{C(\mu,)}n\tilde{P}’(\mu(x),n, 1)dF_{\mu}(x)=\int_{C(\mu,)}n\overline{\mu(x)}dF_{\mu}(x)$
$n$ $\mu$
$\overline{P}(\mu, n, m)_{j}$
$m$ $j$ $(i,j=1,2,$ $\cdots,$ $K,$ $n,$ $m=$
$1,2,$ $\cdots$ , m\leq n)
$x\in C(\mu, n)$
$\overline{P}(\mu, n, m)j$
$\tilde{P}(\mu, n, m)_{j}=\int_{C(\mu,n)}\tilde{P}(\overline{\mu(x)}, n+1, m-1)_{j}dF_{\mu}(x)$ (7)
$\tilde{P}(\mu, n, m)=(\tilde{P}(\mu, n, m)_{1},$ $\cdots,\tilde{P}(\mu,n, m)_{K})$ . $\int_{S(\mu,n)}dF_{\mu}(x)$
$\sum_{j=1}^{K}\tilde{P}(\mu, n, m)_{j}\leq 1$ $\mu[succeq]\nu$ $C(\mu, n)\subset$
$C(\nu, n)$ $\mu$
1
$\overline{P}(n, m)$ $TP_{\mathit{2}}$ $\tilde{P}(\overline{\mu(x)}, n+1, m-1)_{j}$ $x$
$\tilde{P}(\mu, n, m)$
$TP_{\mathit{2}}$ ( 1,2,3 4) $TP_{\mathit{2}}$ ( 1,2,3 4)
1 2 $TP_{\mathit{2}}$ Kijima[4] Kijima and
Ohnishi $[5, 6]$ $TP_{\mathit{2}}$
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